Combination treatment with immune checkpoint inhibitors has shown enhanced antitumor activity compared with monotherapy in tumor types such as melanoma. The open-label, parallel-cohort, dose-escalation, phase I CheckMate 016 study evaluated the efficacy and safety of nivolumab plus ipilimumab in combination, and nivolumab plus a tyrosine kinase inhibitor in metastatic renal cell carcinoma (mRCC). Safety and efficacy results from the nivolumab plus ipilimumab arms of the study are presented.
INTRODUCTION
Renal cell carcinoma (RCC) accounts for 2.4% of total cancer cases worldwide, with 338,000 patients diagnosed each year. 1 At the time of diagnosis, 25% to 30% of patients present with metastatic disease associated with high mortality. 2, 3 Before agents that target vascular endothelial growth factor (VEGF) and mammalian target of rapamycin pathways became available, treatment options were limited to cytokine-based therapies (interleukin-2, interferon) that were not widely applicable. 4, 5 Responses to VEGF and mammalian target of rapamycin inhibitors, however, usually are not durable, and significant toxicities related to the agents' mechanisms of action can occur. 4, [6] [7] [8] Newly developed immunotherapies have demonstrated durable responses, improved overall survival (OS), and better tolerability in a variety of tumor types. 9, 10 Nivolumab is a fully human immunoglobulin G4 programmed death 1 (PD-1) immune checkpoint inhibitor antibody that selectively blocks the interaction between PD-1 expressed on activated T cells, with its ligands PD-L1/PD-L2 preventing the T cells from being inactivated. 11, 12 Nivolumab has demonstrated durable antitumor activity in previously treated patients with metastatic RCC (mRCC). 13, 14 In a phase III study, superior OS, a higher objective response rate (ORR), fewer grade 3 or 4 treatmentrelated adverse events (AEs), and improved quality of life were observed with nivolumab treatment versus everolimus.
13,15
The immunotherapeutic agent ipilimumab, a human CTLA-4 (cytotoxic T-lymphocyte antigen-4) immune checkpoint inhibitor antibody, 16 offers a different, but complementary mechanism of action to nivolumab while also preventing the inactivation of T cells. 17, 18 Ipilimumab had demonstrated antitumor activity in a subset of patients with mRCC in a phase II study, which suggests that mRCC can respond to CTLA-4 blockade. 19 The combination of nivolumab and ipilimumab has previously achieved greater and more durable responses compared with either agent alone in patients with metastatic melanoma and lung cancer, which suggests an added benefit for this combination across various tumor types. [20] [21] [22] [23] This study (CheckMate 016 ) is an open-label, parallel-cohort, dose-escalation, phase I study and is the first clinical study to our knowledge to evaluate the efficacy and safety of the nivolumab and ipilimumab combination or nivolumab and a tyrosine kinase inhibitor in mRCC. We present the safety and efficacy results from the nivolumab plus ipilimumab arms of the study; the nivolumab plus tyrosine kinase inhibitor data will be presented elsewhere.
PATIENTS AND METHODS

Study Design and Treatment
CheckMate 016 is a multicenter, open-label, phase I study with 5 parallel treatment arms (results from the 2 nivolumab plus tyrosine kinase inhibitor arms will be presented elsewhere; Appendix Fig A1, online only) . Eligible patients in the nivolumab plus ipilimumab arms were randomly assigned to one of three treatments: nivolumab 3 mg/kg plus ipilimumab 1 mg/kg (N3I1), nivolumab 1 mg/kg plus ipilimumab 3 mg/kg (N1I3), or nivolumab 3 mg/kg plus ipilimumab 3 mg/kg (N3I3). All patients in the N3I3 arm (n = 6) were censored at the time of analysis. Each treatment was administered by intravenous infusion every 3 weeks for up to four doses (induction) followed by nivolumab 3 mg/kg IV as monotherapy every 2 weeks until disease progression or intolerable toxicity (maintenance). Patients were administered two infusions at each induction visit: nivolumab 1 or 3 mg/kg of body weight followed 30 minutes later by ipilimumab 1 or 3 mg/kg as the second infusion. On the basis of the sponsor's medical monitor and site investigators' agreement, patients could switch to nivolumab monotherapy, even if they did not complete all four combination doses because of ipilimumab-related toxicity. Patients could discontinue treatment as a result of disease progression, unacceptable toxicity, withdrawal of consent, or on the basis of the investigator's clinical judgment. Treatment beyond disease progression was permitted if patients tolerated treatment and the investigator considered the patient to benefit clinically. Treatment was discontinued if subsequent disease progression was evident ($ 10% increase in tumor burden from the time of initial progression).
Study Oversight
This study was approved by local institutional review boards or an independent ethics committee and conducted in accordance with International Conference on Harmonisation Good Clinical Practice guidelines. Written informed consent was obtained from all patients on the basis of Declaration of Helsinki principles before initiation of study procedures.
Patients
Patients eligible for inclusion were $ 18 years of age with histologically confirmed advanced RCC or mRCC with a clear-cell component and measurable disease according to Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1) 24 and a Karnofsky performance status of at least 80% at study enrollment. 25 Patients were required to have a baseline imaging scan for tumor burden within 28 days of study treatment assignment. Patients were assigned to the treatment arms in two cohorts: The initial cohort was designed to gain safety information, and an expansion cohort was added so that both safety and efficacy data could be interpreted.
Patients either could have been treatment naïve or had received prior systemic therapy in both the N3I1 and N1I3 initial cohorts. However, patients enrolled in the N3I1 and N1I3 expansion cohorts (and all patients in the N3I3 arm) were not permitted to have received prior systemic therapy for RCC, with the exception of one prior adjuvant or neoadjuvant therapy for localized or locally advanced RCC (provided that recurrence was $ 6 months after the last dose) or only prior cytokine therapy for metastatic disease. Patients were excluded if they had active CNS metastases or current/recent history of an autoimmune disorder that required systemic corticosteroids equivalent to $ 10 mg/kg prednisone.
Study End Points and Assessments
The primary objective was to assess overall safety and tolerability of nivolumab plus ipilimumab to determine the maximum tolerated dose and recommended phase II dose of this combination regimen. Safety and tolerability were defined by incidence of AEs or serious AEs (SAEs) that occurred up to 100 days after the last dose of study treatment and the frequency of clinical laboratory tests, including hematology, serum chemistry, and urinalysis, by worst toxicity grade. AEs were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0). SAEs were defined as any medical occurrence that resulted in death, was life-threatening, required hospitalization or prolonged existing hospitalization, resulted in persistent or significant disability/incapacity, or was an important medical event (ie, could jeopardize the patient or require intervention to prevent other serious outcomes). An additional safety assessments was determination of select treatment-related AEs (any grade) defined as those with possible immune-mediated etiology.
Secondary end points were best overall response (BOR), ORR, duration of response (DOR) per RECIST 1.1, 24 time to response, progressionfree survival (PFS), and 24-week PFS rate. BOR was defined as the best response designation (confirmed complete or partial response or progression) over the study as a whole recorded between the date of the first dose of study medication and the date of objectively documented progression per RECIST 1.1 or the date of subsequent anticancer therapy, whichever occurred first, for an individual patient in the study. ORR was defined as the proportion of all treated patients whose investigator-assessed BOR was a complete or partial response. DOR was calculated for all treated patients who achieved a complete or partial response and defined as the time between dates of first response and of disease progression or death, whichever occurred first. PFS was defined as the time from first study medication dose to first disease progression or death. Tumor assessments were done at screening, every 6 weeks (6 1 week) from the first dose of study treatment of the first four infusions, and every 12 weeks (6 1 week) thereafter until disease progression. OS was included as an exploratory end point.
Statistical Analysis
The assignment of 20 patients per treatment arm (initial cohorts) was determined adequate to provide safety information on the basis of a 90% probability of observing one or more occurrences of any possible AE with an 11% incidence. The initial N3I1 and N1I3 cohorts were increased to 45 patients per treatment arm (expansion cohorts) to better evaluate safety and efficacy of the combination therapy. The expansion of the N3I1 and N1I3 cohorts to 45 patients was deemed adequate to provide 90% probability of observing at least one occurrence of any AE that might occur with a 5% incidence. In addition, with 45 patients treated in each arm, the maximum width of the exact two-sided 95% CI would be 28% (95% exact CI, 18% to 47%), which assumes the true ORR to be 30%.
Safety and efficacy analyses included all patients who received one or more doses of study medication. All AEs were summarized and reported by organ system, preferred term, treatment arm, and dose level and coded per the current version of the Medical Dictionary for Regulatory Activities. ORR and its 95% exact CI was determined by Clopper and Pearson 26 methodology. The Kaplan-Meier method was used to analyze DOR and its 95% CI. PFS rate by treatment arm and dose level, and the associated 95% CI, were derived on the basis of the Greenwood formula. 27 OS was plotted by using the Kaplan-Meier method, with median and corresponding twosided 95% CIs reported. Statistical analyses that compare safety between arms were not performed.
RESULTS
Patient Population and Baseline Characteristics
A total of 194 patients enrolled between February 2012 and May 2014, with 47 each assigned to the N3I1 and N1I3 arms (Appendix Fig A1, online only) . Of the six N313 patients, one was censored at 6 months, one at 12 months, one at 18 months, and two at 24 months; one patient withdrew consent. Reasons for discontinuation were disease progression (three patients) and treatmentrelated toxicity (two patients). Baseline demographic and clinical characteristics for the N3I3 arm are listed in Table 1 . Because of the high censoring percentage, no confirmed responses were found in the N3I3 arm, so efficacy is not presented; however, safety data are listed in Table 2 and Appendix Table A1 (online only) .
Baseline demographic and clinical characteristics generally were balanced between the N3I1 and the N1I3 arms (Table 1) . Twenty-five (53.2%) and 21 (44.7%) treatment-naïve patients were assigned to the N3I1 and the N1I3 arms, respectively. At data cutoff (March 16, 2016), median follow-up was 22.3 months for both arms, and minimum follow-up was 22 months. Forty-six (97.9%) patients in the N3I1 arm and 42 (89.4%) in the N1I3 arm received $ 90% of the planned nivolumab and ipilimumab dose jco.org intensity (ie, four doses) during the induction phase. A total of 63.8% and 70.2% of patients continued onto nivolumab monotherapy in the N3I1 and N1I3 arms, respectively. The median number of nivolumab doses received was 10.0 in the N3I1 arm and 7.0 in the N1I3 arm.
Safety Dose delays. Twenty-nine (61.7%) patients in the N3I1 arm and 35 (74.5%) in the N3I1 arm had one or more nivolumab dose delays, where hematologic toxicity accounted for five (10.6%) and eight (17.0%) patients' delays in the N3I1 and N1I3 arms, respectively. Twelve (25.5%) and 14 (29.8%) patients had one or more ipilimumab dose delays, where hematologic toxicity accounted for three (6.4%) and two (4.3%) patients' delays in the N3I1 and N1I3 arms, respectively.
AEs and select AEs. Among all patients assigned to the N3I1 or N1I3 arms, 100% experienced an AE of any grade, and 71.3% experienced a grade 3 or 4 AE. Treatment-related AEs were observed in 93.6% of all patients; 50.0% of patients experienced treatmentrelated AEs classified as grade 3 or 4. Forty-three (91.5%) patients in the N3I1 arm experienced a treatment-related AE of any grade, and 18 (38.3%) experienced grade 3 or 4 treatment-related AEs (Table 2) . Among patients in the N1I3 arm, 45 (95.7%) experienced treatmentrelated AEs, with 29 (61.7%) reporting grade 3 or 4 treatment-related AEs (Table 2) . Select treatment-related AEs are also listed in Table 2 . Treatment-related AEs of any grade that led to discontinuation occurred in five (10.6%) and 13 (27.7%) patients in the N3I1 and N1I3 arms, respectively. Grade 4 amylase and lipase not associated with symptoms or clinical manifestations of pancreatitis initially required discontinuation, but patients in the expansion cohorts could continue despite these events per site investigator discussion with the medical monitor.
SAEs. Among all patients assigned to the N3I1 or N1I3 arms, 62.8% reported an SAE of any grade, and 46.8% reported a grade 3 or 4 SAE. Twenty-seven (28.7%) patients experienced treatmentrelated SAEs, with 25 (26.6%) reporting treatment-related SAEs classified as grade 3 or 4. Among patients in the N3I1 arm, 11 (23.4%) had a treatment-related SAE, with nine (19.1%) experiencing a grade 3 or 4 treatment-related SAE. Diarrhea and pyrexia (all grades) were reported for three (6.4%) patients each and were the most common treatment-related SAEs in the N3I1 arm; two (4.3%) patients had grade 3 or 4 diarrhea. Treatment-related SAEs were reported for 16 (34.0%) patients in the N1I3 arm and included Table A2 , online only). Twenty-five patients (53.2%) received systemic corticosteroid, nine (19.1%) received a topical corticosteroid, and one (2.1%) required infliximab treatment in the N3I1 arm. Among the patients in the N1I3 arm, 36 (76.6%) were treated with a systemic corticosteroid, and 13 (27.7%) required a topical corticosteroid. In addition, 12 (25.5%) patients in the N1I3 arm required treatment with infliximab or mycophenolic acid. IMM use in the N3I3 arm also is listed in Appendix Table A2 .
Efficacy
The confirmed ORR was 40.4% in both treatment arms. Five (10.6%) patients achieved complete response and 14 (29.8%) a partial response in the N3I1 arm. No patients achieved complete response in the N1I3 arm, but 19 (40.4%) had a partial response (Table 3 ). ORR and BOR for patients who received prior treatment versus treatment-naïve patients in both arms are listed in Appendix  Table A3 (online only).
Ongoing response was observed for eight (42.1%) patients in the N3I1 arm and seven (36.8%) in the N1I3 arm. Responses were rapid and sustained (Fig 1) . The majority of patients experienced either no increase or a reduction in target lesion size over time (Fig 2) . In addition, approximately one half of all patients in each arm experienced a reduction in target lesion tumor burden of at least 30% (Appendix Fig A2, online only) . At 6, 12, 18, and 24 months, PFS rates were 55.6%, 40.0%, 28.9%, and 18.7% for the N3I1 arm versus 63.8%, 46.4%, 37.6%, and not calculated in the N1I3 arm, respectively. Median PFS was 7.7 months (95% CI, 3.7 to 14.3 months) for the N3I1 arm versus 9.4 months (95% CI, 5.6 to 18.6 months) in the N1I3 arm (Appendix Fig A3, online only) .
Median OS was not reached (95% CI, 26.7 months to not reached) in the N3I1 arm and 32.6 months (95% CI, 26.0 months to not reached) in patients in the N1I3 arm (Fig 3) . At 12 and 24 months, OS was 81% and 67% in the N3I1 arm and 85% and 70% in the N1I3 arm, respectively.
DISCUSSION
This study is among the first to investigate the combination of two checkpoint inhibitors for the treatment of a genitourinary malignancy. These results support the safety of nivolumab plus ipilimumab combination therapy in mRCC. The study also provides preliminary support for the robust clinical activity of nivolumab jco.org plus ipilimumab combination therapy as evidenced by improved ORR relative to nivolumab monotherapy previously reported in phase II and phase III mRCC studies.
13,14
Although the N3I1 and N1I3 combination therapies were similarly efficacious, the overall safety results support additional clinical development of N3I1. Relative to the other arms, patients who received the N3I1 combination regimen had lower rates of treatment-related AEs (all, and grade 3 or 4), lower rates of SAEs, and lower rates of select treatment-related AEs in a majority of categories. Furthermore, fewer patients in the N3I1 arm discontinued as a result of a treatmentrelated AE, and fewer patients required an IMM to manage AEs.
Treatment-related AEs occurred at similar frequencies in both the N3I1 and N1I3 arms relative to previous studies of varying nivolumab plus ipilimumab combination dosing regimens in other tumor types. In two melanoma studies, patients treated with nivolumab plus ipilimumab experienced treatment-related grade 3 or 4 AEs at rates of 55% and 53% across the dosing ranges. 22, 23 In addition, rates of treatment-related grade 3 or 4 AEs in patients treated with nivolumab plus ipilimumab in recent lung cancer studies ranged from 19% to 30% and 28% to 35% across dosing ranges.
20,21 Of note, previously reported AEs were manageable, and the majority of select AEs reported in the melanoma studies were resolved with IMMs. [20] [21] [22] [23] Similarly, the current study reported grade 3 or 4 treatment-related AEs in 38.3% and 61.7% of patients in the N3I1 and N1I3 arms, respectively, whereas most patients (83.3%) who received the N3I3 dosing regimen experienced grade Change in Target Overall Survival (probability) 3 or 4 treatment-related AEs. The most common select treatmentrelated AEs were skin, endocrine, and GI in the N3I1 and N1I3 arms, which is similar to previous reports. [20] [21] [22] [23] The rate of IMM use for the management of AEs tended to be lower in the N3I1 arm than in the N1I3 arm. 22 Previous studies of varying doses of nivolumab monotherapy in patients with mRCC have reported ORRs of 20% to 22% (phase II in patients who previously received VEGF-targeted therapy) and 25% (phase III in patients who previously received antiangiogenic therapy).
13,14 In a phase II study, ipilimumab monotherapy resulted in ORRs of 5% and 12.5% in patients treated with low and high doses, respectively. 19 We report a confirmed ORR of 40.4% in both arms in all patients and confirmed ORRs of 45.5% (N3I1) and 38.5% (N1I3) in previously treated subgroups of patients, which suggests that nivolumab plus ipilimumab combination therapy offers improved activity over nivolumab monotherapy in this setting. Rapid responses occurred after treatment initiation for both arms, were of notable magnitude, and were durable in 42% of patients in the N3I1 arm. Both nivolumab plus ipilimumab combination regimens led to favorable OS rates at 2 years for the entire study population, which included both previously treated and treatment-naïve patients. The preliminary efficacy results of the N1I3 and N3I1 arms along with the encouraging safety results in patients treated with the N3I1 combination regimen support the additional clinical investigation of N3I1 in a phase III study for patients with mRCC (CheckMate 214; ClinicalTrial.gov identifier NCT02231749).
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